INCREASING UTILIZATION of cardiac surgical techniques in the management of chronic rheumatic heart diseases has focused attention on calcification of the left atrial wall. Recent experience suggests that this is no longer the medical curiosity it was once considered. The present article reviews the available literature and presents data on 15 additional patients observed at the Massachusetts General Hospital during the past 6 years.
History and Review of Literature
In 1912, Oppenheimer1 presented the postmortem findings on a 44-year-old male who died of congestive heart failure due to mitral stenosis. The entire left atrial wall was extensively calcified; only the atrial appendage and septum were spared. In 1924, MacCallum2 first described rheumatic endocarditis affecting the posterior left atrial wall. Stewart and Branch, 3 in the same year, reported the postmortem findings on a 16-year-old girl with chronic rheumatic pancarditis and patchy ulceration and focal calcification of the left atrial endocardium. A similar case had been reported previously in the French literature4 although the relation to rheumatic fever had not been noted. The first x-ray of left atrial calcification, observed antemortem by Bedford, was published by Shanks and ciates,9 and Fainsinger'0 who supported the concept of calcification due to underlying rheumatic endocarditis. Two cases were reported by Ruskin and Samuel1" in 1952 who observed that these patients seem to live unusually long despite severe valvular damage and prolonged chronic heart failure. Eight cases verified at surgery were reviewed by Curry and associates12 in 1953 out of 300 patients screened for mitral valvulotomy, but little clinical history was given. Hemley and co-workers,13 in 1953, cited two cases and stressed that most such patients have long-standing rheumatic heart disease and are usually more than age 40. Further cases were presented in 1954 by Hutton14 who stressed the female preponderance, and by Soloff and associates. 15 This 52-year-old mother of three had suffered rheumatic fever at age 7 with several recurrences. Dyspnea on exertion appeared at age 38, and at age 43, she suffered left hemiplegia consequent to a cerebal embolus at which time atrial fibrillation was first noted. Increasing exercise intolerance led to a closed mitral valvulotomy at age 52 at which time murmurs of pure mitral stenosis and mild aortic regurgitation were heard. Preoperative chest x-rays revealed heavy calcification of the left atrial wall ( fig. 1  left) . No note of calcification of the wall was made in the surgical report but a large soft thrombus was encountered. The valve was fibrous and split well, but the patient suffered a saddle embolus to the aortic bifurcation which was removed at the same time. She died 48 hours later of uncontrolled retroperitoneal hemorrhage. Postmortem examination revealed a large, soft mural thrombus in the left atrium with underlying fibrosis of the wall and whitish plaque-like calcification covering the entire posterior atrial wall. A postmortem photograph ( fig.  2 ) reveals that the atrial septum was spared from the calcification. There were multiple recent and old renal and cerebral infarcts. This 44-year-old physician's wife had developed a heart murmur at age 8 years following scarlet fever. Mild congestive heart failure complicated her third pregnancy at age 37, and atrial fibrillation developed at age 38. At age 40 a saddle embolus to the aortic bifurcation was treated conservatively. At age 44 right and left heart catheterization with left ventricular angiocardiogram demonstrated severe mitral stenosis, slight mitral regurgitation, severe pulmonary hypertension (P.A. 100/40 mm Hg), and Figure 1 In left panel, Case This 49-year-old unemployed male had a history of "growing pains" as a child without definite rheumatic fever. At age 26, a murmur of mitral stenosis was heard with hemoptysis and exertional dyspnea appearing at age 29. Several episodes of pulmonary embolism occurred at ages 33 and 34 and led to ligation of the femoral veins and later of the inferior vena cava with brief treatment with anticoagulants. Increasing symptoms led to closed mitral valvulotomy at age 39. No clots or calcium were noted but the appendage was very small. The postoperative result was excellent. At age 45, he suffered a femoral embolus which was removed by embolectomy, but he was otherwise well until age 48 when increasing dyspnea and fatigue led to right heart catheterization which confirmed mitral restenosis. X-rays showed a ring-like calcification of the entire left atrial wall ( fig. 3 ). Physical findings were those of mitral stenosis and mild aortic regurgitation. While awaiting reoperation, he suffered a right femoral embolus which was treated conservatively.
He subsequently underwent open mitral valvulotomy which was purposely carried out through the right side of the chest anticipating approach to the left atrium through the atrial septum or posterior interatrial groove. A narrow strip of the posterior left atrial wall adjacent to the septum was free of calcium and allowed easy access to the mitral valve. A large amount of endocardial calcium and adherent thrombus was excised, and the valve was opened under direct vision. The atrial septum was entirely free of calcium. The postoperative result has been excellent.
Discussion
Conclusions are difficult to draw from much of the published literature on calcification of the left atrium because of the sparsity of clinical details given. However, certain characterCirculation, Volume XXXIV, August 1966 .202 istic features are apparent (table 2) . Atrial fibrillation of many years duration is almost universal; it averaged 10 years in other series. Mitral valve involvement, usually of a severe degree, is present in all patients although the incidence of valvular calcification seems unrelated. Combined or multivalvular lesions are common. The predominance of women is striking (74%) and follows the higher female incidence of rheumatic involvement of the mitral valve. Symptoms referable to the cardiovascular system had been present for an average of 19.7 years prior to recognition of left atrial calcification. The diagnosis was confirmed by postmortem examination or surgical intervention in 31 of the 71 cases reported in the world literature. The incidence Roentgenographic recognition of this entity has received much comment in radiological literature. Mural calcification appears as a thin, curvilinear density tracing the outline of the left atrium in part or completely. In the frontal projection, a round or oval shell of calcium 8 to 10 cm in diameter is usually seen lying in the center of the cardiac silhouette beneath the carina and the main stem bronchi (fig. 4 ). In the lateral or oblique projections, a completely calcified wall appears as a Cshaped curvilinear density with the opening of the C lying anteriorly in the region of the mitral annulus ( fig. 1 ). Lesser degrees of calcification may be confined to streaks along one or more margins or may outline the entire posterior wall ( fig. 5 ). Occasionally the calcification extends into the pulmonary veins ( fig.  1 right) . If the calcification closely approaches or forms the left heart border in the frontal projection ( fig. 6 ), the atrial appendage is probably calcified, and this may occur as an isolated finding. It must be remembered, how- 2()4 ever, that the calcification is frequently more extensive than revealed by x-ray.
Careful roentgenographic techniques are necessary to identify left atrial calcification. High kilovoltage and well-penetrated films are essential. The lateral or oblique projections are most useful. Laminography may be helpful for better definition of the extent of the calcification ( fig. 7) . Fluoroscopy, because of movement of the deposits, often reveals calcification not apparent on routine films. Thus, the bright image produced by image intensifiers and cineradiography now offers perhaps the best means for the location and identification of intracardiac calcium.
Left atrial calcification must be differentiated from calcification occurring in the cardiac valves, pericardium, coronary arteries, ventricular aneurysms or infarctions, intracardiac tumors, mediastinal cysts, hilar nodes, and costal cartilages. All of these have characteristic locations and motion, and present little difficulty to the experienced observer. Cardiac catheterization was performed 9 times in seven patients. The data are summarized in table 3. No characteristic findings were present other than those associated with the primary valve lesion. Of six patients in whom adequate information was available, four showed evidence of pulmonary vascular disease as manifested by an elevation of the pulmonary arteriolar or pulmonary vascular resistances. Three of these had had documented pulmonary emboli. The cardiac index was reduced in all six patients in whom it was determined and averaged 2.3 L/min/m2 of body surface area. Phasic pulmonary capillary pressure tracings did not reveal any characteristic changes in the wave forms.
Pathology
The consensus of most authors is that left atrial calcification is the end-result of repeated and extensive rheumatic auriculitis beginning with focal patches of calcification in areas of rheumatic endocardial ulceration and progressing to chronic fibrotic changes with plaques of subendocardial calcium of varying extent. The incidence of atrial calcification appears to be related to the severity of the original rheumatic attack and the associated valvular damage. As noted in the present series, adherent mural thrombi are a common finding. Accurate description of the atrial calcification is missing in most published reports.
In two cases in the literature and five cases in the present series the region of the atrial septum was specifically noted as free of calcium ( fig. 2) 
